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(54)TIUe: UNDERWATER TREATMENTS 
(57) Abstract 

An electrosurgical instrument, for the treatment of tissue in the pres- 
ence of an electrically-conductive fluid inedhun. comprises an instniment 
shaft (10), aixl an electrode assembly (12) at one end of the shaft. The 
electrode assembly (12) comprises a tissue trcatnoent electrode (14) and a 
return electrode (18) which is electrically insulated ficm the tissue treatmem 
clcctrodcby means of an insulation member (16). The tissue cxeatmcnt elec- 
trode (14) has an exposed end (14a) extending laterally through a cut-out 
(16a) provided in the insulatiOQ member (16) at the distal end pcmion of 
the instrument The rcnim electrode (18) has a fluid contact surface (18a) 
which overiies the insulation member (16) in the region of the cut-out (16a). 
Hie fluid contact surface (18a) is spaced ftom the tissue treatmem electrode 
(14) in such a manner as to dcflne, in use, a conductive fluid path that com- 
pletes an electrical circuit between the tissue treatntem electnxle and the 
return electrode (18). 
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UNDERWATHR TKEATMENTS 

This invention relates lo an clcctrosurgical instniment for the treatment of tissue in the 
5 presence of an eleancaSly-condunK*e fluid medium, to etectrosurgicai apparatus including 
such an instrument, and to an electrode imit for use in such an instrument. 

Endoscopic eiectrosuruery is useiuJ for treating tissue in ca\ities of the body, and is 
normally penonned in the presence of a distension medium. W'hen the distension medmm 

10 is a liquid, this is commonly referred to as undervrater elearosurgcr\-, this term denoting 
elccirosurueri' in which Kvinu tissue is treated using an dectrosurgical instrument wHth a 
treatment etearode or electrodes immersed in liquid at the operation site. A uaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body ca\ity of larger potential volume in which a liquid medium would be unsuitable, as 

1 5 is often the case in laparoscopic or uastroenterolouicat surgerx*. 

Underwater surgery is commonly performed using endoscopic techniques, in w^ch the 
endoscope itself may provide a conduit (commonly referred to as a working channel) for 
the passage of an electrode Alicmaiively. the endoscope may be specifically adapted (as 

20 in a resectoscopei to tnchide means for mounting an electrode, or the electrode may be 
introduced into a body ca\nty via a separate access means at an angle with respect to the 
endoscope - a technique commonly referred to as trianguiation These variations in 
technique can be subdivided by surgical speciality, where one or other of the techniques 
has pantcular advantages tpvcn the access route to the specific bodv* cavity. Endoscopes 

25 with integral working channels, or those charaaerised as resectoscopes, are generally 
employed when the body canty may be accessed through a natural body opemitg • such 
as the cenica) canal to access the endonrtetria) cavity of the uterus, or the urethra to access 
the prostate gland and the bladder. Endoscopes specifically designed for use in the 
endometrial cavity are referred to as hysteroscopes. and those designed for use in the 

30 urinary tract include o sioscopes. urethroscopes and reseaoscopes. The procedures of 
transurethal resection or \3p0rtsati0n of the prostate gland are known as TURP and EVAP 
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respcoivdy. When there U no natural body opening through which an endoscope may be 
passed, the technique of triangulaiion is commonly employed. Triangulation is commonly 
used during underwater endoscopic surgery on joint cavities such as the knee and the 
shoulder. The endoscope used in these procedures is conmioniy referred to as an 
5 anhroscope. 

Electrosurgery is usually carried put using either a monopolar instrument or a bipolar 
instrument. With monopolar clecux)surgery, an active electrode is used in the operating 
region, and a conductive return plaic is secured to the patient's skin. With this 

1 0 arrangement, current passes from the active electrode through the patient's tissues to the 
external return plate Since the patient represents a significant portion of the circuii. mput 
power levcb have to be high (lypicaJly 1 50 to 250 wans), to compensate for the resistive 
current limiting of the patient's tissues and, in the case of underwater electrosurgery. 
power losses due to the fluid medium which is rendered partially conductive by the 

1 5 presence of Wood or other body fluids. Using high power with a monopolar arrangcmcni 
is also hazanJous, due to the tissue heating that occurs at the return plate, which can cause 
severe skin bums. There is also the risk of capadii ve coupling between ihe instrument and 
patient tissues at the cntr\' point into the body cavity 

20 With bipolar electrosurgery. a pair of electrodes (an active elearode and a return 
decirode) are used together at the tissue application site. This arrangement has advantages 
from the safety standpoint due to the relative proxnraiy of the two decirodes so ihat radio 
frequency currents are limited to the region between the electrodes. However, the depth 
of effea is (tirectly related to the distance between the two electrodes; and, in appUcations 

25 requiring very smkU electrodes, the inter-electrode spacing becomes very small, thereby 
limiting tissue effect and the output power. Spacing the electrodes further apart would 
often obscure vision of the application $iic» and would require a modification in surgical 
technique to ensure direa contaa of both electrodes with the tissue. 

30 There arc a number of variations to the basic design of the bipolar probe. For example, 
U S Patent Spedficaiion No.4706667 describes one of the fiindamcntals of the design. 
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namdy that the ratk) of the contact areas of the return dearodc and of the active ciectrode 
is greater than 7: 1 and smailer than 20: 1 for anting purposes. This range relates only to 
cutting electrode configurations. When a bipolar instntroent is used for desiccation or 
coagulation, the ratio of the contact areas of the two electrodes may be reduced to 
5 approximately 1 : 1 to avoid differential electrical stresses occurring at the contact between 
the tissue and the electrode. 

The elearical junction between the return electrode and tissue can be supported by wetting 
of the tissue by a conductive solution such as nomud saline. This ensures that the surgical 

1 0 effea is limited to the needle or aaive electrode, with the elearic circuit between the two 
electrodes being completed by the tissue. One of the obvious limitations with the design 
is that the needle must be completely buried in the tissue to enable the return electrode to 
complete the circuit. Another problem is one of the orienution: even a relatively small 
change in application angle from the ideal perpendicular contact with respect to the tissue 

1 5 sur&ce. will change the contact area ratio, so that a surgical effea can occur in the tissue 
rn contact with the return electrode. 

Cavity distension provides space for gaining access to the operation site, to improve 
visuatisatioa and to allow for manipulation of instrumems. In low vohime body cavities. 
20 particularly where it is desirable lo distend the cavity under higher pressure, liquid rather 
than gas is more conmioniy used due to better optical characteristics, and because it 
washes blood away from the operative site. 

Conventional underwater electrosurgery has been performed u»ng a non-conductive liquid 
25 (such as 1.5% glycine) as an trrigant, or as a distension medium to eliminate electrical 
conduction losses. Glycine is used in isotonic concentrations to prevent osmotic chaises 
in the blood when intra-vascular absorption occurs. In the course of an operation, veins 
may be sevcredL\vithresuham infusion of the liquid imo the ciradation«\^ could cause, 
among other things, a dilution of senim sodium wluch can lead to a condition known as 
30 water intoxication. 
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. The appUcanis have found that ii is possible to use a conductive liquid medium, such as 
nonnal saline, in underwater endoscopic electrosurgcry in place of non-conductive, 
clearolyie-frcc solutions. Nonnal saline is the prcfcaed distension medium in undcirwatcr 
endoscopic surgery when electrosurgcry is not contcraplaicd. or a non-electrical tissue 

5 effect such as bser treatment is bang used. Allhou^ nonnaJ saline (0.9Vow/v; 1 50mmol/l) 
has an electrical conductivit>- somewhat greater than thai of most body tissue, it has the 
advantage that displacement by absorption or cxtrax-asation from the operative site 
produces little phyaologicai effect and the so-called water imoxicalion effects of non- 
conductive; clearolyte^frcc solutions are avoided. 



10 



The applfcams have developed a bipolar instrument suitable for underwater electrosurgcry 
using a conductive liquid or iiaseous medium. This electrosurgical instrumeoi for the 
ircatmcni of tissue in the presence of a fluid medium, comprises an instrument body having 
a handpiece and an insirumeni shaft, and an electrode assembly at one end "of the shaft. The 
1 5 dcorodc assembly comprises a tissue treatment electrode which is exposed at the extreme 
distal end of the instiumeni, and a return electrode which is electrically insulated from the 
tissue treatment electrode and has a Quid contact surface spaced proximally from the 
exposed pan of the tissue treatment electrode. In use of the instrument, the tissue 
ireaimcm electrode is applied to the tissue to be treated whilst the return electrode, being 
20 spaced proximally from the exposed part of the tissue treatment electrode, is normally 
spaced from the tissue and sen-cs to complete an clearosurgical current loop from the 
tissue treatment electrode through the tissue and the fluid medium. This elecuosurgical 
insirumeni is described in the spedfrcation of our European Patent Application 
96918786,1- 



25 



The dearodc structure of this instrumcm. in combination with an electrically-conductive 
fluid medium, largely avoids the problems experienced with monopolar or bipolar 
clecirosurgcry. In particular, input power levels arc much lower than those generaUy 
necessary with a monopolar anangemcnt (typically 100 watu). Moreover, because of the 
30 rcIativeK- large spacing bctu-ecn its electrodes, an improved depth of effect is obtained 
compared with conventional bipolar arrangements. 
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An anhroscope electrode may be characterised as short ( 1 00 to 1 40 mm), and rigid with 
3 working diameter up to 5 mm. h can be tmroduced throiu^b a siab incision into a joint 
cavity (with or without a cannula) using the triangulation technique. Such an electrode is 
operated with a motion which moves the electrode between the 9 O'Clock and 3 O'Clock 
5 positions on the anhroscopic image. As a result* the tissue to be treated is usually 
approached at a shallow working angle with respea to the axis of the dectrode. An 
anhroscopic electrode thus needs to have an effect consistent with this angled approach 
to the tissue. The tissue to be treated* such as meniscal canilage, is commonly dense and 
of a high electrical impedance. An anhroscope electrode requires output power and 

10 voltage senings that reflea the type of tissue being treated, the size of electrode* and the 
faa that anhroscopists are seeking a speed of effect comparable to that of the mechanical 
shaver devices they currently employ, albeit with an electrode of smaller dimensions than 
a shaver blade for improved access. Joint spaces are commonly small (the joint spaces in 
the knee being typically 60 to 100 mis under fluid distension)* and tissue often needs 

15 mechanical manipulation. Known monopolar anhroscopic electrode configurations* 
therefore, are of a rigid construction* having angled book or probe-tip configurations to 
produce cutting of high impedance tissue* and to connect to an ergonomic handpiece to 
aid tissue manipulation. 

20 The aim of the invention u to provide an improved clectrosuruical instrument of this type 

The presem invention provides an electrosurgical instrument for the trcatinent of tissue in 
the presence of an electncally-conduaive fhiid medium, the instrument comprising an 
ms tfu me n t shafk* and an electrode assembly at one end of the shaft* the electrode assembly 

25 comprising a tissue treatment electrode and a return electrode which is electrically 
insulated from the tissue treatment electrode by means of an insulation member* the tissue 
treatment electrode having an exposed end extending laterally through a cut-out provided 
in the insulation member at the distal end ponton of the instrument* and the return 
electrode havirig a fhiid contaa surface which overlies the insulation member in the region 

30 of the cut-out* said fluid contact surface being spaced from the tissue treatment electrode 
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in such a maimer as lo define, in use, a conduttivc fluid path that completes an electrical 
circuit between the tissue treatment elearodc and the return dectrodc. 

The invention also provides an decirosursical insimment for the treatment of tissue in the 
5 presence of an electrically-conductive fluid medium, the instrument comprising an 
instrument shaft, and an.dearodc assembly ai one end of the shaft, the dectrode assembly 
comprising a tissue ueatroem dearode and a return dectrodc which is dcctricalty 
insulated from the tissue treaimcm decuodc by means of an insulation member, the tissue 
trcatmem dectrodc hav-ing an exposed end extending laterally through a cut-out provided 
10 m the insulation member, wherein the return dearode has a distal end portion with a fluid 
contact surface which ovcriies the insulation member in the region of the cui-oui and faces 
laterally in atirsi direction, and wbcrdn the insulation member projccu lateraUy ouiwardly 
between said disul end portion and the tissue treatment dectrodc, the tissue treatment 
dectrodc fadng laterally in a second direaion opposite to said first direction. 

15 

Thc latcrally-projeciirig part of the insulation member increases the conductive fluid path 
length from the tissue treatment dearode to the return dearode and forces the dectric 
fidd outwardly, thereby preventing preferential arcing between the return diearodc and 
the nearest part of the tissue treatment electrode, and promoting ardng bcnvcen the tissue 
20 treatment dearode and the neighbouring tissue. 

The return electrode is spaced from the tissue treatment electrode so that, in use, it does 
not comaa the tissue to be ueated, and so that the dccuical circuit is always completed 
by the conductive fluid, and not simply by arcing between the deorodes. indeed, the 
25 arrangemem is such that ardng between adjacent parts of the dectrodc assembly is 
avoided, thereby ensuring that the tissue trcatmem dectrode can become cnvdopcd in a 
vapour pocket so thai tissue entering the vapour pocket b^mes the preferred path for 
current to flow back to the return dearode via the conductive fluid. 



30 The clcorosur^cal insirumcm of the invention is useful for dissectioa resecuon, 
vaporisation, desiccation and coagulation of tissue as well as for combinations of these 
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functions It has a particular application in arthroscopic surgery as it pertains to 
endoscopic and percutianeous procedures performed on joints of the body including, but 
not limited to. such techniques as they apply to the spine and other non-synovial joints. 
Arthroscopic operative procedures may inchide: partial or complete memscectomv of the 

S knee joint inchiding moiiscal cystectomy; lateral retinacuiar release of the knee joint; 
removal of anterior and posterior crudate ligaments or remnants thereof: labral tear 
resection, acromioplasty. burseaomy and subaoromial decompression of the shoulder joint; 
anterior release of the temperomandtbular joint: synovectomy, cartilage debridement, 
chondroplasty. divison of intra-articular adhesions, fracture and tendon debridement as 

10 applied to any of the synovial joints of the body; inducing th^mal shrinkage of joint 
capsules as a treatment for recurrent dislocation, subluxation or repetitive stress injury to 
any articulated joint of the body: disccctomy either in the treatmem of a disc prolapse or 
as part of a spinal fusion via a posterior or anterior approach to the cervical, thoracic and 
lumbar spine or any other fibrous joint for similar purposes; exci»on of diseased tissue; and 

1 5 haemostasis. 

The instrument of the invention is also useful for dissection, resection, vaporisation^ 
desiccation and coagulation of tissue, as well as combinations of these functions, with 
particular application in urological endoscopic (urethroscopy, cystoscopy, ureteroscopy 

20 and nephroscopy) and percutaneous surgcr>'. Urolouical procedures may indude: electro- 
vaporisation of the proswte gland (EVAP) and other variants of the procedure commonly 
referred to as transurethral rescaion of the prostate (TURP) including, but not limited to, 
interstitial ablation of the prostate glami by a peronaneous or perurethral route whether 
performed for benign or malignant disease; transurethral or percutaneous resection of 

25 urinary tract mmours as they may arise as priinary or secondary neoplasms, andfurtheras 
they may arise anywhere in the urological tract from the calyces of the kidney to the 
external urethral meatus, division of striaures as they may arise at the pdviureteric 
junction (PUJX ureter, ureteral orifice, bladder nedc or urethra; correction of ureterocoete; 
shrinkage of bladder diverticular, cystoplasty procedures as they pertain to corrections of 

30 voiding dysfunction; themnally iixhiced shrinkage of the pelvic floor as a corrective 
treatment for bladder neck descent; cxdsion of diseased tissue; and haemostasis. 
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Suigical procedures using ihc clccirosurgical instrument of the invention may also include 
introducing the electrode assembly to the surgical site, w hether through an anifidal 
conduit (a cannula) or a natural conduit, which may be in an anatomical body cavity or 
space, or one aeated surgically. The cavhy or space may be distended during the 

5 procedure using a fluid, or may be naturally held open by anatomical structures. The 
surgkal site may be bathed in a continuous flow of conduaive tluid such as saline solution 
either to fill and distend the cavity, or to create a locally-irnaated environment around the 
tip of the electrode assembly in a gas filled cavity. The irrigating fluid may be aspirated 
from the surgical site to remove products acaicd by application of the RF energy, tissue 

1 0 debris or blood The procedures may include simultaneous viewing of the site via an 
endoscope, or using an indirect visualisation means. An irriuaied bipolar electrosurgical 
instrument is described in the spiecification of our Imemattonal Patent Application 
GB96/0I472. 

15 Advantageously, the exposed end of the tissue treatment electrode is constituted by a 
phirality of tissue contact filamentary members made of an clcctrically-conduaivc material, 
the filamentary members being electrically connected to a common electrical supply 
conductor. 

20 In a preferred embodiment, a single coiled filament constitutes the filamentary members, 
ihe coils of the filament constituting the filamentary members. The filament may have a 
diameter lying in the range of from 0.05 mm lo 0.5 mm 

In another preferred embodiment, a plurality of separate, individual filaments constitute the 
25 filamemaiy members. The filaments may each have a length Mng withm the range of from 
0 5 mni to 5 mm, and a diameter lying within the range of from 0.05 mm to O.Smni. 

Preferably, the filamentary members arc made of tungsten, or of an alloy of tungsten or 
platinum. 

30 

Aherrwtivcly, the exposed end of the tissue contact electrode is constituted by a OMsh. 
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Preferably, the tnstnimem further comprises suction means for applying a sub-atmospheric 
pressure to (be interior of the insulation member, whereby vapour bubbles produced in the 
r^on of the tissue treatment electrode are evacuated via the interior of the instrument. 

5 

Advantageously, the cui-oui is formed in a lateral sur^ice of the insulation member 
adjacent to the distal end thereof In this case, the instrument can be used as a side-efifect 
instrument. Alternatively, the cut-out is formed obliquely across the distal end face of the 
insulation member, whereby the exposed end of the tissue treatment electrode has both an 
10 axially-facing tissue contact portion and a laterally-facing tissue contact portion. In this 
case, the instrument can be used as both an end-elTect instrument and as a side-effect 
instrument 

Advantageously, the dimensions and configuration of the tissue treatment electrode, the 
1 5 fluid contaa sur&ce and the insulaticm member are such that, when the electrode assembly 
is immersed in a condtictive fluid medium* the ratio of (i) the length of the shortest 
conductive f»th through the fhiid medium between the fhiid contaa sur&ce and that pan 
of the tissue treannem electrode which is furthest from the fluid contact surface, to (ii) the 
length of the shortest conduction path through the fluid medium between the fluid contact 
20 surface and the tissue treatment electrode is at most 2 to I . 

Preferably, the laterally-projecting portion of the insulation member defines an insulation 
barrier to divert electrical current flow through the fluid medium thereby to increase said 
shortest conduction path length between the fluid contact surface and the tissue treatment 
25 dcctrode. The first direction may define a treatment axis, and said two shortest conductive 
paths may lie in a common plane comainii^ the treatment axis. 

The invention also provides an electrode unit for an electrosur^cal instrument for the 
treatment of tissue in the presence of an electrically-conductive fhiid medium, the electrode 
30 unit compristra^ a shaft having at one end nneans for connection to an instrumem handpiece: 
and, mounted on the other end of the shaft, an electrode assembly comprising a tissue 
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trcaimcni ciccirodc and a return elearode which is clearicaily insulated from the tissue 
treatment dearode by means of an insulation member, the ussuc treatment elearode 
having an exposed end extending laterally throuuh a cut-out provided in the insulation 
member, and ihc return electrode having a fluid contact surface which overlies the 
5 insulation member in the region of the cut-ouu said fluid contact surface being spaced from 
the tissue ireatmcm dccirodc in such a manner as to define, in use, a conductive fluid path 
that completes an clecirical circuit between the tissue treatment dectrodc and the return 
dectrode. 

10 The invention further provides decirosurcical apparatus comprising a radio frequency 
generator and an dcrtrosurgical instrument for the treatment of tissue in the presence of 
an dccirically-conduaK-e fluid medium, the insiiument comprising art instrument shaft, and 
an dectrode assembly at one end of the shaft, the dearode assembly comprising a tissue 
treatment dectrode and a return dearode which is dectrically insulated firom the tissue 
1 5 treatment dectrodc by means of an insulation member, the tissue treatment dearode 
having an exposed end extendmg laterally through a cut-out provided m the insulation 
member at the distal end portion of the instrtmient, the return dectrbdc having a fluid 
comaa surface vi^ch overlies the insulation member in the re^n of the cut-out. and the 
radio frequency generator having a bipolar output conneaed to the electrodes, said fluid 
20 comact surface bdnu spaced from the tissue treatment dearode in such a manner as to 
define, in use. a conductive fluid path that completes an decrical ciraiit between the tissue 
treatment dccirodc and the return dcctrodc. 

Advantageously, the radio frequency generator indudcs control means for varyii^ the 
25 output power dcHvered to the dcarodcs. the comrol means may be such as to provide 
ortpui poxvcr in first and second output ranges, the first output range bang for powering 
the ekctrosurgical insmimcm for tissue desiccation and the second output range being for 
powering the decirosurgical insimmcni for tissue removal by cutting or vaporisation. 
Conveniently, the first output range is from about 150 vohs to 200 volts, and the sea>nd 
30 output range is from about 250 volts to 600 volts, the voltages bdng peak vohagca. 
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Preferably, the comrol means is such as to akematc the output power between first and 
second powers in the first and second output ranges. Alternatively, the control means is 
such as to pulse the output power at a power within the second output range. 

5 The invention will now be described in greater detail by way of example, with reference 
to the drawings* in which:- 

Rgure 1 is a diagram showing an elcctrosurgical apparatus constructed in accordance 
with the invention; 

10 

Figures 2 lo 6 are diairnanmaiic side elevations of the electrode assemblies of five forms 
of electrode unit constructed in accordance with the tnvcmion; 

Figure 7 is a perspertive view of a modified form of the electrode assembly of Figure 3; 

15 

Figure 8 is a perspective view of part of the assembly of Figure 7: and 
Figure 9 is a cross-seaion taken on the lines A- A of Figure 7. 

20 Each of the electrode units described below is intended to be used with a conductive 
distension medium such as normal saline, and each unit has a dual-electrode structure, with 
the conducuve medium acting as a conductor between the tissue being treated and one of 
the electrodes, hereinafter called the return electrode. The other electrode is appUed 
directly to the tissuo, and is hereinafter called the tissue Ueatment (active) electrode. In 

25 many cases, the use of a liquid distension medhmi is preferable, as it prevents excessive 
electrode temperatures in most circumstances, and largely eliminates tissue sticking. 

Referring to the drawings. Figure I shows electrosur^cal apparanis including a generator 
I having an output socket 2 providing a radio frequency (RF) output for an instrument in 
30 the form of a handpiece 3 via a connection cord 4 Activation of the generator I may be 
performed from the handpiece 5 via a comrol connection in the cord 4, or by means of a 
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footswitch unit 5, as shown, connected separately to the rear of the generator I by a 
footswiich connection cord 6. In the Uhistraied embodiment, ihc footswitch unit 5 has two 
fooiswitches 5a and 5b for seleaing a desiccation mode and a vaporisation mode of the 
generator I rcspcaiveiy. The generator from pand has push buttons 7a and 7b for 
5 respectively selling desiccation and vaporisation power levels, which are indicated in a 
display 8, Push buttons 9a arc provided as an alternative means for sdeciion between the 
desiccation and vaporisation modes. 

The handpiece 3 mounts a detachable dcctrodc unit E, such as ihe decirodc units El to E5 
10 to be described bdow. 

Figure 2 shows ihe first form of dccirode unit El for detachable fastening to the 
decirosurgical instnimenl handpiece 3, the dectrodc unit comprising a shaft 10, which is 
constituted by a scmi-flexibic lube made of stainless stcd or phynox electroplated in 
1 5 copper or gold with an dccrodc assembly 12 a a distal end thereof At the other end (not 
shown) of the shaft 10, means are provided for conncaing ihc dectrode unit El to ihc 
handpiece 3 boih n>echanically and dectrically. 

The RF generator I (not shown in Figure 2) delivers an decirosurgical current to the 
20 electrode assembly 12. The generator includes means for varying the ddivered output 
power to suit different dedrosunpcal requirements. The generator may be as described in 
the specification of our European Patcm Application 96304558.8 

The dectrode unit Q indudes an aaivc dearodc 14 which is constituted by a phirality of 
25 filaments made of tungsten or an alloy of tungsten or platinum. The aaivc (brush) 
dectrode 14 is connected to the RF generator I via an msulated central copper conductor 
(not shown). A ceramic insulation sleeve 16 sunounds the central conductor, the filamems 
Ha of the brush dectrodc passing along the insulation sleeve and extending laterally 
therefrom through a cut-wt 1 6a. A return electrode 18. which is constituted by the distal 
30 end of ihc insinimeni shaft, surrounds the proximal end of the sleeve 16. An outer 
insulating coaling 20 (xvltich could be polyvinylidene Huoride, a polyimide. 
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polyietrafluoroethylene, a polyolefin, a polyester or ethylene letrafhioroethylcne) 
surrounds the proxtmal portion of the shaft adjacent to the return electrode 1 8. The return 
electrode 1 S is formed with a hood-like extension I Sa which extends over the surface of 
ihe sleeve 16 \^^ch is opposite to the cut-out i6a. The electrode unit £1 caa thus« provide 
5 maximum tissue enijagcmcnl for shallow working angle applications, and is known as a 
side-effect electrode. 

This dectrosur^cal instrument is particularly useful for rapid tissue debulking. One of the 
problems which could be encountered when tissue is rapidly debulked using an 

10 arthroscofMc electrode configuration, particularly when working in small joint spaces^ is 
the production of vapour hubbies generated as an end product of tissue vaporisation. Such 
bubbles obscure vision, and can coalesce at the site of tissue application, so that the 
electrical circuit between the active aiKi return electrodes becomes compromised by the 
absence of conductive fluid. Irr^ar acdve electrodes having filamentary, mesh or coiled 

15 spring forms go some way to solving this problem, as they reduce the vaporisation 
threshold as disclosed in the specification of our international Patent Application 
GB97/00065. Another advantage of these electrode forms is that the bubbles generated 
by vaporisation are smaller than those formed by solid electrodes. As the brush electrode 
14 of this clectrosurgical instrument is of irregular shape, it also has the advantage of 

20 producing relatively small vapour bubbles as the produa of tissue vaporisation. The 
production of vapour bubbles is. however, funher reduced as a result of the k>wcr 
threshold power of vaporisation which results from use of the electrode urui EL This 
improvement rcsuhs from the hood-likc extension tSa of the return decuode 18 which 
extends over the back of the aaive electrode 1 4. This reduces the separation between the 

25 active electrode 14 and the return electrode 18, thereby reducing the decuical field and the 
vaporisation threshold power of the active electrode. This enhances the speed of 
vapofisatkm of the tissue at a bwer power than would otherwise be required for the giv^ 
active electrode area, and hence reduces the fbfnmtion of vapour bubbles. As the hood-tike 
extension 18a extends along the entire length of the active electrode 14, a large active 

30 electrode size can be supported, despite the reduction in electrode separatioa 
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The robustness oftht dcctrode assembK* 12 is also importam in arthroscopic surgery, both 
because of the tendency of surgeons lo use an electrode assembly as a cold manipulaior, 
and because of the ritpd nature of the tissue to be treated - particularty bone and canilage. 
The bood-iike extension ISa adds mechanical strength to the elecuode assethbly 12, as it 
5 eiaends over the ceramic insulation sleeve 16, thereby reducing the risk of ceramic fracture 
and potential breakdown of insulation. 

The electrode unit El is intended primarily for use in arthroscopic surgery which requires 
rapid tissue debulking by vaporisatioa In use;, the elearosurgical instrument is manipulated 

1 0 to introduce the electrode assembly 1 2 into a selected operation site (for example, within 
the joiiK space of a knce>, so that the brush clearode 14 contaas the tissue to be treated, 
and with the tissue and the electrode assembly immersed in saline. The fooiswitch 5b (or 
the push button 7b) is then operated to set the required power level for vaporisation. The 
generator t then provides sufficiem RF power to the electrode assembly 12 lo vaporise the 

15 saline surrounding the brush electrode 14. and to maimain a vapour pocket surrouiiding 
this electrode Using a brushing technique, with firm pressure against the tissue surface, 
rapid debuUdng of the tissue is achieved- Gently touching the tissue will reduce the effect, 
and can be used to sculpture and smooth the residual tissue surface. 

20 Because of its speed of debuiking and side-cffca configuration, ihc decuode unit E 1 also 
has advantages in urological surgery as an EVAP technique for use in coiyunction with a 
resectoscope. A resectoscope electrode unit is introduced very differentlv. in thai it is 
mounted on an endoscope prior to passage of the assembled instrument through a working 
sheath imrodiiccd via the urethra. The proximal end of the electrode unit is connected to 

25 a trigger assembly and an dearical contaa which is integral with the resectoscope. By this 
means, the electrode unit can be moved back and forth through a defined range of motion 
by operating the trigger mechanism. As the electrode unit is assembled prior to 
introduction, the size of the tip is not constrwied by working channel dimensions, but 
rather by the diameter of the working sheath which can be up to 10 mm. Part of this 

30 diameter is occupied b\- the support wires to the dcctrode unit, whidi wires are commonly 
bent m a downward angle, with respea to the endoscopic image, to the working tip, so 
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that they do not mierfcre with cither visualisation or its operation. The brush decirodc 14 
can have a lentjth lying within the ranue of from 3 mm to 4 mm and a width lying in the 
range of from 2 mm to 5mm, and this size is necesary for uroJogicaJ surgery given that, on 
average, 20-30 urams of prostate tissue must be removed. 

5 

Because of the reservoir effect of the urinary bladder, and the mounting of the endoscope 
to view the tip of the active electrode from below, bubble generation during vaporisation 
IS less of a problem during endoscopic urology, as the bubbles flow away from the 
endoscope to accumulate in the bladder. Nevenheless. the use of the electrode unit £1 
10 substantially reduces the possibility of bubble generation causing problems. 

Although the elearode unit £1 is intended primarily for use in the vaporisation of tissue, 
it can also be used for desiccation, pamcularly of synovial membranes or to separate 
musde attachntents. In this case, once the electrode assembly 12 has been introduced into 

15 a selected operation site, the RF generator I is actuated using the footswitch 5a or the 
push button 7a to set the required power level for desiccation. The generator will then 
provide sufficient RF power lo the electrode assembly 12 to maintain the saline adiacent 
to the bfusb elearode N substandaily at its boiling point without creating a vapour pocket 
surrounding that elearode. The instmment can then be manipulated by moving the brush 

20 elearode 14 across the surface of the tissue to be treated in a sidc-to*side 'painting** 
technique. 

The electrode unit £1 can also be used for blending tissue. Thus, by automaticalh/ 
alternating the output of the RF generator I between the desiccation and vaporisation 

25 power levels, more haemostasis is prodirced then is possible in the vaporisation mode. As 
a consequence, the speed of dssue debuUdng can be reduced, which is useful when cutting 
or debuUdm} vascular tissue siniaures. Alternatively, the output of the R£ generator 1 can 
be pulsed at the vaporisation power level, without cycled activation of the desiccation 
mode. This produces a less aggressive tissue vaporisation than occurs in the vaporisation 

30 mode, with a consequent reduction in both bubble ibmnation and the risk of tissue charring. 
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Figures 3 to 6 show dectrode units E2 to £5 which are modified versions of the electrode 
unit El Accordingly, like reference numerals will be used for like pans, and only the 
modifications will be described in detail Thus, the active electrode 14 of the electrode unit 
E2 is a coiled-spring electrode mounted within the cut-out 16a. The coiled spring 
5 clearode 14 b made of tungsten or an alloy of tungsten or platinum, and its proximal end 
is cormected to the RF generator I via an insulated central copper conductor (not shown). 

The electrode unit E3 of Figure 4 is of "sputnik" form, having an active electrode 14 
constituted by a plurality of needle^tike protrusions 14a extending from a thin metal base 

10 plate 14b mourned within the cut-out 16a in the insulation sleext 16. Both the base plate 
14b and the proifu«ons 1 4a are made of tungsten or an alloy of tunijstcn or platinum. The 
needle-like protrusions 14a are connected to the RF generator I via a common insulated 
central copper conductor (not shown). This unit E3 is less complex to manufacture as 
compared with the brush-iype form of the unit El and will produce similar effects. 

1 5 Moreover, it allows for variations in the density of the needle-like protrusions 1 4a over the 
area of the base plate 1 4b. 

Figure 5 shows the electrode unit E4 having an active electrode 14 which is constituted by 
a mesh made of tungsten or an alloy of tungstoi or platinum This electrode uiui E4 can 

20 be provided with a suction pump < not shown) which can remove vapour bubbles via the 
shaft of the instrument through the aaive dectrode 14 This enhances the dtmination of 
vapour bubbles trom an operation site, which is particularly aiivantagcous durins 
aggressive tissue debulking. The suction pump must be conuoUcd so that the flow of 
bubbles through the electrode 14 is balanced to the output charaoerinics of the RF 

25 generator I to prevent excessive cooling of the active dectrode and a resultant increase 
in its vaporisaticm power threshold. The thermal mass of the mesh active dectrode 14 Is 
lower than that of a solid form active dectrode. aiKl this assists in rapidly re-establishing 
the vapotu- pocket around the aaivc dectrode should this collapse following excessive 
cooling. The control means for the suction pump may involve the use of an intermillcnt 

30 suction technique. 
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Figure 6 shows the electrode unit E5 having an active clecirode 14 of the coiled spring 
type. Here, however, the cm-oui I6a is formed obliquely (at 45**> across the distal end face 
of the insulation sleeve 16, so that the exposed end of the active electrode 14 has both an 
axially-facing tissue contact portion and a laterally-fadiuj tissue contact portion The lip 
5 of the cwled electrode 14 is also angled at 45 degrees to the axis of the insmiment, so that 
this electrode unit is both an end-effect electrode and a side-effect electrode. The main 
advantage of this electrode unit E5 is that it can be used in conjunction with endoscopic 
surgery techniques which require working channel introduaion. 

10 The Figures 7 lo 9 show a modified form of the electrode unii E2 of Figure 3. This 
electrode unit £2* has an aciive elearode 14' in the form of a coilcd-spring elearode 
mounted within a cut-out 16a' in the insulation member 16*. The coilcd-spring electrode 
14* is made of tungsten or an alloy of tungsten or platinum, and its proximal end is 
connected to the RF generator by an insulated central copper conductor (not shown). As 

1 5 shown in Figure 8, the insulation member 1 6* is formed with a recess t6b* which receives 
the return electrode I S' and its extension 1 8a* (not shown in Figures 7 and 8). 

As shown in Figure 9» the active electrode 1 4* has a distal end portion which is exposed at 
the distal end of the instrument for tissue contact. This embodiment has advantages over 
20 the earlier embodimems. panicularty where access is needed to remote areas of a joim 
cavity Thus. In such remote joint cavity areas, the extension of the insulation member 16 
of each of the embodiments of Figures 2 to 5 may prevent the associated active electrode 
1 4 accessing these areas. 

25 Figure 9 ilhistrates the way in which the insulation member 16' projeas laterally in the 
region between the active electrode 14' and the extension 18a' of the return electrode 18*. 
Tbb laterally-projecting part of the insulation member \S increases the conductive fluid 
path length from the active electrode 14' to the return electrode 18*, and forces the electric 
ftdd outwardly, thereby preventing preferential arcing between the return electrode and 

30 the nearest pah of the aaive electrode; and promoting arcing between the acrive electrode 
and the neighbouring tissue. The return electrode 1 8* is spaced from the active electrode 
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1 4' so that* in use, it does not contaa the tissue to be treated, and so that the eJectrical 
circuit is always completed by the saline and not simply arcing between the dearodes. 
Indeed, the arrangement is such that arcing between adjacent parts of the electrode 
assembly is avoided thereby ensuring that the aaive electrode 14' can become enveloped 
5 in a vapour pocket, so that tissue entering the vapour pocket becoines the preferred path 
for current to flow back to the return electrode 1 8* via the conductive fluid. 

To consider the operation of the dcarode unit ET in more detaiU when it operates in a 
tissue cutting or vaporising mode, a vapour bubble is formed around the tip t4*a of the 

10 active elearode 14' This tip I4'a constitutes an active electrode treatment ponion. This 
bubble is sustained by arcinu wiihin it. The greater the applied voltage, the greater is the 
size of the bubble. The energx* dissipated by each arc is impedance-limited by the remaining 
fluid in the conduction path and by the source impedance of the generator. However, an 
arc behaves as a negative impedance in that, if the energy in the arc is sufficiently tiigh, an 

1 5 ionised path of very low impedance is formed. This can lead to an unstable condition of 
ever-decreasing ionised path impedance unless the impedance of the fluid between the 
bubble artd the return electrode I S* is sufficient to aa as a limit on dissipated power. It is 
also possible for the vapour pocket around the active electrode ti-eatment portion 14*a to 
encroach the return elearode 13' In these circumstances, the arc energy is limited only by 

20 generator source impedance, but such power limitation is poor and cannot be adjtisted 
according to elearode size. For these reasons, the dimensions and configuration of the 
insulation member 16 should be such as to define a minimum conduction path length of 
1mm between the acti\% electrode treatment portion I4*a and the fluid contact surface of 
the return electrode I S' This minimum path length is. in the case of the embodiment shown 

25 in Figure 9. the arc length a of the insulation member 1 6* plus the step dimension c of the 
laterally-projecting part of the insulation member. 

A fiirther consideration is the possibility of a vapour pocket forming only over part of the 
exposed treatment portion 14*a of the active electrode 14* When the applied voltage and 
30 power are sufficiently high, a x-apour pocket will form arotmd the active elearode exposed 
treatment portion I4'a Preferably, the pocket is formed uniformly over the emire length 
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of the treatment ponton. In such a simatioit the load impedance presented to the generator 
can change by as much as a factor of 20. However, when there arc significant difTcrcnccs 
in the conduction path length between the return electrode fluid comaa surface 1 8a* and 
different pans of the exposed active dectrodc treatment portion 14'a, a voltage gradient 
5 is established over the length of each electrode. With some insulation member and active 
electrode configurations, the voltage gradient can be suffidently large to enable vapour 
pocket fonnaiion only over that pan of the exposed trewmera portion closest to the fluid 
conuct surface, leaving the extreme distal end of the exposed treatment portion still in 
contaa with the conductive fluid Thus, the voltage gradient is established within the 

10 conductive fluid where the edge of the vapour pocket intersects the surface of the active 
elearode treatment portion I4*a. The decirical behaviour of such a partially-enveloped 
active elearode treamem portion I4'a is very different from that of a fijlly-cnvcloped 
treatment portion In terms of controlling generator output by sensing peak voltage, the 
behaviour of the elecirode assembly ■ s no longer bistable. However, the power demand is 

15 considerably higher as a result of the vaporisation voltage presented across the low 
impedance wetted region of the active electrode treatntent portion I4'a. The clinical effect 
is not only the required vaporisation, but also an undesirable thermal damaging effect 
resuhtng from the increased power dissipation. 

20 Partial enveloping of the active elearode treatnwmt portion 1 4*a can be largely avoided by 
ensuring that the rario of the length b of the conduaK* path between the furthermost poim 
of %ho active electrode treatment portion and the length of the shortest conduaivc path 
between the active electrode treatment portion and the fluid contaa surface is at most 2:1, 
ie h^(a+c) s 2, The laterally-projecting portion of the insulation member 16* dcfmcs an 

25 insulation barrier to direa electrical current flow through the fluid mediunv thereby 
increasing the shortest conductive path between the fluid contaa surface I8'a and the 
active etecuode 14' 

It will be noted from Figure 9 that the downward extent of the exposed active electrode 
30 treatment portion, ie. the distance d by which the active electrode projeas beyond the 
shroudii^ pans of the insulation member 16* on each side, is at least one half of the width 
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of the exposed ircaimeni portion in a uansvcrsc plane. This allows the instrument lo be 
rotated about the axis of its shaft to some extent without losing the required surgical effect. . 

Figure 9 also shows that the aaive electrode 14* has an exposed end (the lip 14*a) which 
5 extends laterally through the cut-out I6'a in a first direction which is opposite to the 
direction in which the fluid contact surface 18a* faces. This first direction defines a 
ireaimeni axis which lies in a common plane with the two shortest conductive paths 
referred to above. The electrode units of the embodiments of Figures 2 to 6 also include 
this feature. 

10 

It should be noted that the insulation member 16 of each of the embodiments of Figures 
2 to 6 also has laterally-projecting pan which increases the conductive fluid path length 
from the acuve electrode 14 to the remm electrode \ 8. These electrode units also are such 
that the ratio of the length of the conductive path between the fijrthcrmost poiiil of the 
1 5 active elcarodc trcaimcm portion and the fluid contaa surface of the return electrode, and 
the length of the shortest conductive path between the active decirodc treatment portion 
and the fluid contact surface is at most 2: 1 . 

In order further to improve access to remote joint cavity areas, the distal portion of the 
20 electrode shaft of each of the embodiments described above could be angled, say between 
15** and 30**. with respect to the main portion of the insthiraeni shaft. In a further 
modification, titanium could be used as the materia] for each of the active electrodes. 

It will be apparent that modifications could be made to the embodiments described above. 
25 For example, the cuAodiments of Figs I to 4 and 6 could each be provided with a suction 
pump for removing vapour bubbles via the shaft of the instrument through the active 
electrode. It would also be possfl)le to make the insulation sleeve 16 of each of the 
drtjodiments of a silicone rubber (such as a silicone polyurethane), glass, a polyimidc or 
a thermoplastics material. 

30 
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CLAIMS 

I . An dcctrosurgicaJ instrument for the treatment of tissue in the presence of an 
electrically-conductive fluid medium, the instrument comprisinti an instrument shaft, and 

5 an electrode assembly at one end of the shaft the electrode assembly comprisii^ a tissue 
treatment electrode and a return electrode which is elecirically insulated from the tissue 
treatment elcarode by means of an insulation memb^. the tissue treatment electrode 
having an exposed end extendinu laterally through a cut-out provided in the insulatiod 
metnber at the distal end portion of the instrument, and the return elearode having a fhiid 

1 0 contaa surface wluch ovcrfies the insulation member in the region of the cut-out, said fluid 
contact surface being spaced from the tissue treatment electrode in such a manner as to 
define, in use. a conductive fluid jpath that completes an electrical circuit between the tissue 
treatment electrode and the return electrode. 

15 2. An electrosur{Hcal instrument for the treatmem of tissue in the presence of aii 
clectrically-conduciivc fluid medium, the instrtnnem comprising an instrument shaft, and 
an electrode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment elearode and a return electrode which is electrically insulated from the tissue 
treatment elearode by means of an insulation member, the tissue treatment electrode 

20 having an exposed end extendinu laterally through a cut-out provided in the insulation 
member, wherein the return elearode has a distal end portion with a fluid contaa sur^ce 
which overlies the insulation member in the region of the cut-out and faces laterally in a 
first direaion, and wherein the insulation member prefects laterally outwardly between said 
distal end pc^icm and the tissue treatmem electrode, the tissue treatment electrode facing 

25 laterally in a second direction opposite to said first direaioa 

3. An dectrosurgical instrument as claimed in claim 1 or claim 2, wherein the exposed 
end of the tissue treatment elearode is constituted by a phirality of tissue contaa 
filamentary nicmbcis made of an eiectricaOy-conductivc material the filamentary members 
30 being elearically connected to a common eleancal supply conduaor. 
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4. An elccirosurgical mstmmcnt as claimed in claim 3, whemn a sin^e coiled filament 
constitutes the filarocmary members, the coils of the filament constituting the filamentary 
members 

5 5. An elccirosurgical instrximem as claimed in claim 4, wherein the filamem has a 
diameter lying within the range of from 0.05 mm to 0.5 mm. 

6. An decirosurgical instrumem as dainncd in claim 3» wherein a plurality of separate, 
individual filaments constitute the filamentary members. 

10 

7 An clectrosuruical mstmmem as claimed in claim 6. wherein the filaments each 
have a length lying within the range of from 0.5 mm to 5 mm. 

8. An elccirosurgical instrument as claimed in claim 6 or daim 7, wherein the 
1 5 filaments each have a diameter lying witlun the range of from 0.05 mm to 0.5 mm. 

9, An etectrosuruical instrument as claimed in any one of daims 3* to 8, wherdn the 
' fdamcntary members are made of tungsten. 

20 10. An elearosuriiical instrument as claimed in any one of claims 3 to 8. wherein the 
filamentary members arc made of an alloy of tungsten or platinum. 

IK An dectiosurgicdinsinimem as claimed in claim I or dam Z wherein the exposed 
end of the tissue contact electrode is consiiiuicd by a mesh. 

25 

12. An eSeorosur^cai instrument as claimed in any one of daims 1 to U, further 
comprismg suction means for applying a sub-atmospheric pressure to the imerior of the 
insulation member, wlieieby vapour bubUes produced in the region of the ussuc treatment 
dcctrode are evacuated via the interior of the instrument. 
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1 3. An dccirosurgica) insftumcnt as claimed in any one of claims I to 12, wherein the 
cut-oui is formed in a lateral surface of the insulation member adjacent to the distal end 
thereof 

5 J 4. An eleorosurgical instrument as claimed in any one of claims I to 12, wheron the 
cut-out is formed obliquely across the disial end face of the insulation member, whereby 
the exposed end of the tissue treatment electrode has both an axially-facing tissue coaurt 
portion and a laterally-fadng tissue contact portion. 

10 15 An elcctrosurgical instrument as claimed in any one of claims 1 to 1 4; wherein the 
dimensions and configuration of the tissue treatment electrode, the fluid contact surface 
and the insulation member are such that, when the electrode assembly is iminerscd in a 
conductive fluid medium, the ratio of (i) the lem^th of the shortest oonduction path through 
the fluid medium between the fluid coritaa surface and that part of the tissue trcatmem 

1 5 electrode which is furthest from the fluid contact surface, to (ii) the length of the shonest 
conduction path through the fluid medium between the fluid contact surfecc and the tissue 
treatment elearode is at most 2 to I . 

1 6. An ciccuosurgical instrument as claimed in claim 1 5, wherein the ratio of (i) the 
20 length of the shonest conduction path through the fluid medhim between the fluid contact 
surfoce and that part of the tissue treatment electrode which is furthest from the fluid 
contact surface, to (ii) the lerajth of the shortest conduaion path through the fluid medium 
between the fluid contaa surfecc and the tissue treatment electrode is greater than or equal 
to 1.25. 

25 

17 An clearosurgical instrument as claimed in claim 1 5 when appendam to daim 2, 
wherein the laterally-projecting portion of the insulation member defines an insulation 
banter to divert electrical current flow through the fluid medium rfwreby to increase said 
- shxxtesi conduction path length between the fluid contact surface and the tissue treatment 
30 electrode. 
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18. An electrosurgicai imtrumem as claimed in claim 17. wherein the first direction 
defmes a treatment axis and said two shortest conduaion paths lie in a common plane 
contairung the treatment axis. 

5 19. An electrosurgicai instrument as claimed in any one of claims I to 1 8^ wherein, in at 
least one transverse plane extending in the first direction, the tissue treatment dearode 
prefects beyond the insulation member in the first direction by a distance which is at least 
one half of the transverse width of the projecting pan of the tissue treatment electrode. 

to 20. An elearosurgical instrument as claimed in any one of claims I to 1 9. wherein the 
dimensions and configuration of the tissue ireatmem electrode, the fluid comaa surface 
and the insulation member are such that, when the electrode assembly is immersed in a 
conductive fluid medium, the length of the shortest conduction path through the fluid 
medium between the fluid contact surface and the tissue treatment elearode is at least 

15 Imm. 

21. An electrosurgicai instrument as claimed in any one of claims I to 20. wherein the 
return electrode is in the form of a generally cylindrical conductive sleeve with an exposed 
sur&ce ponton having a length and a diameter, the length of the exposed surface portion 

20 being at least as great as the diameter, and wherein, when the electrode assembly is 
immersed in a conductive fluid medium, the ratio of (i) the shonest conduction path 
through the fiuid medium between the fluid contact surface and that pan of the tissue 
treatment electrode which is funhest from the fluid comaa surface, to (ii) the diameter of 
the exposed surface ponion of the return elearode, is at most 4.5 to I. 

25 

22. An electrode unit for an electrosurgicai irmrumenc for the treatment of tissue in the 
presence of an electrically-conductive fluid medium^ the electrode unit comprising a sbaSt 
havii^ at one end means for connection to an instrumem handpiece, and., mounted on the 
other eitd of the shaft, an electrode assen^ly comprising a tissue ueatment electrode and 

30 a return electrode which is electrically insulated from the tissue treatment electrode by 
means of an insulation member^ the tissue treatmem electrode havii^ an exposed end 
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extending (ateraily through a cut*out provided in the insulation member, and the return 
electrode having a fluid contact surface which overBes the insulation member in the region 
of the cut-out. said fluid contact surface being spaced from the tissue treatment electrode 
in such a manner as to define; in use* a conductive fhud path that completes an eiectrical 
5 circuit between the tissue treatment electrode and the return electrode. 

23. An elearode unit for an dectrosuripcal instiumem for the treatment of tissue in the 
ivcscncc of an dectricaIly-conducti\-e fhsid medhinu the electrode unit con^msing a shaft 
havim{ at one end means for connection to an instrument handpiece. and« mounted at the 

10 other end, an elearode assembly comprising a tissue treatment electrode and a return 
electrode wlBch is electhcally insulated from the tissue treatmcm electrode by means of an 
insulation member, ihe tissue ireatroem electrode having an exposed end extending 
laterally through a cut-out provided in the insulation member, wherein the return electrode 
has a distal end ponion with a fluid contact surface which overlies the insulation member 

15 ia the region of the cut-out and faces laterally in a first ejection, and wherein the insulation 
member projects laterally outwardly between said distal end portion and the tissue 
treatmcm electrode, the tissue treatment electrode fiidng laterally m a second direction 
opposite to said first direction. 

20 24 Elecirosurgical apparatus comprising a radio frequency generator and an 
electrosurgical instrument for ihe treatment of tissuie in the presence of an decthcaily- 
conductive fluid medium, the instrument comprising an instrument shaft and an electrode 
assembly at one end of the shaft, the elecuode assembly comprising a tissue treatment 
electrode and a return electrode which is electrically insulated from the tissue treatment 

25 electrode by means of an insulation member, the tissue treatment electrode bavbg an 
exposed end extends^ laterally through a cut-out provided in the tmulatton member at the 
distal end portion of the instritment, the remm electrode having a fkiid contact surface 
which ovcrfies the insulation member in the region oi the cut-out* and the radio ftequency 
generator having a bipolar output connected to the electrodes, said fluid contact surface 

30 bang spaced from the tissue treatment electrode in such a manner as to define, in use. a 
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conductive fluid path that complttes an electrical circuit between the tissue treatment 
electrode and the return electrode. 

25. Eiectrosurgscal apparatus comprising a radio frequency generator and an 
5 electrosurgical instrument for the treatment of tissue in the presence of an dectricaUy- 

conductive fluid medium, the instrument comprismg an instrument shaft, and an electrode 
assembly at one end of the shaft the electrode asscn^ly comprisng tissue treauront 
electrode and a return electrode which is eiectricaUy insulated from the tissue treatment 
electrode by means of an insulation member, the tissue treatment electrode having an 

1 0 exposed end extending laterally through a cut-out provided in the insulation member, 
wherein the return electrode has a distal end portion with a fluid comact surface which 
overlies the insulation member in the region of the cut-out and faces laterally in a first 
direction, and wherein the insulation member projects laterally outwardly between said 
distal end ponion and the tissue treatment electrode* the tissue ueatroertt electrode &cing 

1 5 laterally in a second direction opposite to said first direction. 

26. Apparatus as claimed in daim 24 or claim 25, wherein the radio frequency 
generator inchides control means for varying the output power delivered to the electrodes. 

20 27. Apparatus as claimed in daim 26. wherein the control means is such as to provide 
output power in first and second output ranges, the firtt output raiuje being for powering 
the electrosur^cal instrument for tissue desiccation, and the second output range bdng for 
powering the electrosurgical instrument for tissue removal by cutting or vaporisatioa 

25 28. Apparatus as claimed in daim 27, wherein the first output range is fit>m about 
140 volts to 200 vohs, and the second output range is from about 250 vohs to 600 volts, 
the voltages being peak voltages. 

29. Apparatus as daimed in daim 26 or daim 27, wberdn the control means is such 
30 as to alternate the output power between first and second powers m the first axKl second 
output ranges. 
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30. Apparatus as claimed in claim 26 or claim 27. wherein ihc control means is such 
as lo pulse ihc output power at a power within the second output range. 
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L An dectrosurgica] instrument for the treatment of tissue in the presence of an 
deciricaity-conductive fluid medium, the tnstrumem comprising an instrument shaft, and 
5 an electrode assembly at otie end of the sba& the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is dectrically insulated from the tissue 
treatment ctcarode by means of an insulation member, the tissue treatment dectrode 
having an exposed end extending laterally through a Cut-out provided in the insulation 
member at the distal end portion of the instnmtent, and the return dectrode having a fhiid 
! 0 comaa surface which overlies the insulation mend>er in the region of the cut-out, said fluid 
contact surface bdrtg spaced from the tissue treatmem dectrode in such a manner as to 
define, m use, a conduarve fluid path that catc^ikxts an dectrical circuit between the tissue 
treatment dectrode and the return electrode. 

15 2. An dectrosurgical instrument for the treatment of tissue in the presence of an 
dectrtcalty-conductive fluid meditmi, the instrumem comprising an instrument shaft and 
an dectrode assentbly at one end of the shaft, the dectrode assembly comprising a tissue 
treatmem dectrode and a return electrode wluch is electrically insulated from the tissue 
treatment dearode by means of an insulation mensber, the tissue treatment electrode 

20 having an exposed end extending laterally through a cut-out provided in the irtsulation 
member, wherdn the remnrt electrode has a distal end ponion with a fluid comaa surfece 
whidi overlies the insulation member in the region of the cut-out and faces laterally in a 
first direction, and wherein the insulation member projects laterally outwardly between said 
<fistal end pcmion and the tissue treatment dectrode, the tissue treatmem dectrode facing 

25 laterally in a second direction opposite to said first direction. 

3. An dectrosurgical instrument as daimed in daim I or daim 2» wherein the exposed 
end of the tissue treatment dectrode is constituted by a phurality of tissue contact 
filamentary meirtes made of an dectncaOy-coiNiuctrve nutteriaL the filamentary members 
30 bdng dectrically connected to a convnon dectrical supply conductor. 
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